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(57) ABSTRACT

An 1k supply device includes a reservoir; an ink carrying
rotary member; a supply rotary member that rotates and sup-
plies ink to the ink carrying rotary member while a part
thereof 1s immersed in the 1nk 1n the reservoir; a regulation
member that faces an outer peripheral surface of the supply
rotary member, the regulation member regulating an amount
of 1nk on the outer peripheral surface of the supply rotary
member at a position outside of the reservoir; and a blocking
member that extends from below to above a liquid surface of
the 1nk 1n the reservoir at a position between a landing posi-
tion and the supply rotary member, the landing position being
a position at which i1nk that has been scraped oif by the
regulation member lands on the liquid surface, the blocking
member blocking movement of the mk from the landing
position to the supply rotary member.

4 Claims, 7 Drawing Sheets
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FIG. 4
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INK SUPPLY DEVICE AND IMAGE FORMING
APPARATUS

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application 1s based on and claims priority under 335
USC 119 from Japanese Patent Application No. 2012-028928

filed Feb. 13, 2012.

BACKGROUND

Technical Field

The present invention relates to an ink supply device and an
image forming apparatus.

SUMMARY

According to an aspect of the invention, an ik supply
device includes a reservoir that stores 1nk; an ik carrying
rotary member that carries ink on an outer peripheral surface
thereof; a supply rotary member that i1s rotatable about a
rotation axis that 1s parallel to a rotation axis of the ink
carrying rotary member, the supply rotary member rotating
and supplying the 1ink to the outer peripheral surface of the ink
carrying rotary member while a part of the supply rotary
member 1s immersed 1n the ik 1n the reservoir; a regulation
member that faces an outer peripheral surface of the supply
rotary member, the regulation member regulating an amount
of ink on the outer peripheral surface of the supply rotary
member at a position outside of the reservoir; and a blocking,
member that extends from below to above a liquid surface of
the 1nk 1n the reservoir at a position between a landing posi-
tion and the supply rotary member, the landing position being,
a position at which ink that has been scraped oif by the
regulation member lands on the liquid surface, the blocking

member blocking movement of the ink 1n the reservoir from
the landing position to the supply rotary member.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will be
described 1n detail based on the following figures, wherein:

FIG. 1 1s a schematic view illustrating an 1mage forming
apparatus according to a first exemplary embodiment of the
present invention;

FI1G. 2 1s a schematic view illustrating a developing device
according to the first exemplary embodiment of the present
invention;

FI1G. 3 a schematic view illustrating a region surrounding a
supply roller of the developing device according to the first
exemplary embodiment of the present invention;

FI1G. 4 1s a schematic view illustrating a region surrounding,
the supply roller of the developing device according to the
first exemplary embodiment of the present invention when
bubbles are generated 1n a liquid developer near the supply
roller;

FI1G. 5 1s a schematic view illustrating a region surrounding
the supply roller of the developing device according to the
first exemplary embodiment of the present mvention when
bubbles and waves are generated 1n the liquid developer near
the supply roller;

FI1G. 6 15 a schematic view illustrating a region surrounding,
a supply roller of a developing device according to the second
exemplary embodiment of the present invention; and
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FIG. 7 1s a schematic view 1llustrating a region surrounding,
the supply roller of the developing device according to the

second exemplary embodiment of the present invention when
bubbles are generated 1n the liquid developer near the supply
roller.

DETAILED DESCRIPTION

First Exemplary Embodiment

Examples of a developing device, which 1s an example of
an ink supply device, and an 1image forming apparatus accord-
ing to a first exemplary embodiment of the present invention
will be described.

Overall Structure

FIG. 1 illustrates an 1image forming apparatus 10, which 1s
an example of the first exemplary embodiment. The image
forming apparatus 10 includes a photoconductor 12, which 1s
an example of an 1mage carrier that 1s cylindrical and rotat-
able and that carries a latent 1mage on the outer peripheral
surface thereof. A charger 20, an exposure device 22, a devel-
oping device 100, a transier device 30, and a photoconductor
cleaner 40 are arranged around the photoconductor 12. The
transier device 30 1s an example of a transier unit. The devel-
oping device 100 1s an example of an 1k supply device.

The charger 20 1s disposed below the photoconductor 12 so
as to face the outer peripheral surface of the photoconductor
12 with a distance therebetween. The charger 20 1s, for
example, a scorotron charger. The charger 20 charges the
surface (outer peripheral surface) of the photoconductor 12
by performing corona discharge.

The exposure device 22 1s disposed downstream of the
charger 20 1n the rotation direction of the photoconductor 12.
The exposure device 22 i1s, for example, an LED exposure
device. The exposure device 22 exposes the outer peripheral
surface of the photoconductor 12, which has been charged by
the charger 20, to light on the basis of image information,
thereby forming a latent image on the outer peripheral surface
of the photoconductor 12. The exposure device 22 may be a
device other than an LED exposure device. For example, the
exposure device 22 may be a device that performs exposure
by emitting a laser beam.

The developing device 100 includes a development roller
104, which 1s an example of an 1nk carrying rotary member,
and a supply roller 106, which 1s an example of a supply
rotary member. The supply roller 106 supplies a liquid devel-
oper GG, which 1s an example of ink, to an outer peripheral
surface of the development roller 104. The developing device
100 1s disposed downstream of the exposure device 22 1n the
rotation direction of the photoconductor 12. The developing
device 100 develops the latent image (forms a visible 1image)
on the photoconductor 12 using the liquid developer G com-
posed ol acarrier liquid and a toner (toner particles) dispersed
in the carrier liquid, thereby forming a toner image (developer
image) on the outer peripheral surface of the photoconductor
12. The details of the developing device 100 and the liquid
developer G will be described below.

The transfer device 30 1s disposed downstream of the
developing device 100 1n the rotation direction of the photo-
conductor 12. The transfer device 30, which 1s a device using
an intermediate transfer method, includes an intermediate
transfer member 32, an intermediate transfer member cleaner
50, and a transter roller 34. The intermediate transfer member
32 is a cylindrical member to which a toner image formed on
the outer peripheral surface of the photoconductor 12 is trans-
terred. The transter roller 34 transiers the toner image, which
has been transferred to the outer peripheral surface of the
intermediate transfer member 32, to a recording sheet P,
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which 1s an example of a recording medium. That 1s, the
transier device 30 transiers the toner 1mage via the interme-
diate transter member 32 to the recording sheet P using the
transier roller 34.

The transier device 30 may have a structure that 1s different
from the structure described above. For example, the inter-
mediate transier member may have a belt-like shape. The
transier device 30 may be a device using a direct-transier
method, which does not include an intermediate transter
member and an intermediate transfer member cleaner and
directly transiers a toner image from the photoconductor 12
to the recording sheet P using the transfer roller 34.

The photoconductor cleaner 40 includes a first waste toner
tank 42, a cleaning roller 44, and cleaning blades 46 and 48.
The cleaning roller 44 1s 1n contact with the outer peripheral
surface of the photoconductor 12 at a position upstream of the
charger 20 1n the rotation direction of the photoconductor 12.
The cleaning blades 46 and 48 are made from a polyurethane
rubber. The cleaning blades 46 and 48, which are respectively
in contact with the photoconductor 12 and the cleaning roller
44, remove the liquid developer G that remains on the outer
peripheral surface of the photoconductor 12 after transfer of a
toner image has been finished. The removed liquid developer
G 1s recovered 1nto the first waste toner tank 42.

The intermediate transfer member cleaner 50 includes a
second waste toner tank 52, a cleaning roller 54 that 1s 1n
contact with the outer peripheral surface of the intermediate
transfer member 32, and cleaning blades 56 and 38 made
from a polyurethane rubber. The cleaning blades 56 and 58,
which are respectively 1n contact with the intermediate trans-
fer member 32 and the cleaning roller 54, remove the liquid
developer G. The removed liqud developer G 1s recovered
into the second waste toner tank 52. The liquid developer G
that has been recovered into the second waste toner tank 32
flows through a pipe 59 to the first waste toner tank 42.

The cleaning roller 44 for the photoconductor 12 and the
cleaning roller 34 for the intermediate transter member each
include a metal core shaift made from a stainless steel and a
rubber coating formed on the surface of the metal core shatt.
The rubber coating may be made from an o1l-resistant rubber,
such as NBR (acrylonitrile-butadiene rubber) or ECO (ep-
ichlorohydrin rubber). The thickness of the rubber coating 1s,
for example, 1n the range of 5 to 20 mm. The entirety of the
cleaning roller for the intermediate transier member may be
made from a metal such as aluminum, 1ron, or a stainless steel.
In this case, the smoothness and the wear resistance of the
surface of the cleaning roller may be increased by plating the
surtace with of the roller.

The image forming apparatus 10 includes a sheet container
60 1n which recording sheets P are contained, and the record-
ing sheets P are transported one by one along a transport path
K. Moreover, the image forming apparatus 10 includes a
fixing unit 70 that fixes a toner 1mage on the recording sheet
P, to which the toner image has been transierred. The fixing
unit 70 fixes the toner 1mage using, for example, a contact
thermal fixing method, which uses a fixing roller 72 and a
pressing roller 74. Alternatively, the fixing method may be a
contact thermal fixing method using a fixing roller or a fixing
belt or may be a non-contact thermal fixing method using an
oven or a tlash lamp.

Image Forming Process

Next, the process of forming an 1mage with the image
forming apparatus 10 will be described.

Each of the rollers 1s rotated by a driving device (not
shown) or 1s rotated by another roller in the directions 1ndi-
cated by arrows.
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As illustrated i FI1G. 1, the charger 20 charges the surface
of the photoconductor 12 and the exposure device 22 forms a
latent image on the basis of 1mage information. The develop-
ing device 100 develops the latent image on the surface of the
photoconductor 12, thereby forming a toner image on the
surface of the photoconductor 12.

Subsequently, a bias voltage 1s applied to the core metal
shaft (not shown) of the intermediate transter member 32, and
the toner 1image formed on the photoconductor 12 1s first-
transierred to the outer peripheral surface of the intermediate
transier member 32 due to the potential difference between
the intermediate transfer member 32 and the photoconductor
12, which 1s grounded. The toner image, which has been
first-transierred, 1s second-transferred to the recording sheet
P due to the potential difference between the bias voltage
applied to the mtermediate transier member 32 and the bias
voltage applied to the transter roller 34.

Subsequently, the recording sheet P, to which the toner
image has been transferred, 1s transported to the fixing unit
70, which fixes the toner image onto the recording sheet P.
The recording sheet P, to which the toner image has been
fixed, 1s output to an output unit 76 that 1s disposed at an the
end of a transport path K 1n the image forming apparatus 10.

The photoconductor cleaner 40 removes the liquid devel-
oper G that was not first-transierred to the intermediate trans-

fer member 32 and that remains on the photoconductor 12.
The intermediate transfer member cleaner 50 removes the
liguid developer G that was not second-transierred to the
intermediate transfer member 32 and that remains on the
intermediate transfer member 32.

Toner included in the remaining liquid developer G 1s
removed by being attracted to the cleaning roller 44 for the
photoconductor and the cleaning roller 54 for the intermedi-
ate transier member, because bias voltages are applied to the
core metal shafts of the cleaning rollers 44 and 54. After the
toner included 1n the remaining liquid developer G has been
removed, the cleaming roller 44 for the photoconductor and
the cleaming roller 54 for the intermediate transter member
remove the carrier liquid.

Structure of Developing Device

Next, the developing device 100 will be described.

As illustrated 1n FI1G. 2, the developing device 100 includes
a reservoir 102, the development roller 104, the supply roller
(anilox roller) 106, a regulation blade 108, and a blocking
member 110. The reservoir 102 stores the liquid developer G.
The development roller 104, which 1s an example of an 1nk
carrying rotary member, carries the liquid developer G on the
outer peripheral surface thereot. The supply roller 106, which
1s an example of a supply rotary member, supplies the liquid
developer G to the outer peripheral surface of the develop-
ment roller 104. The regulation blade 108, which 1s an
example of a regulation member, regulates the amount of
liquid developer on the outer peripheral surface of the supply
roller 106. The blocking member 110 blocks movement of the
liquid developer G from a landing position to the supply roller
106. Here, the landing position (described below 1n detail) 1s
a position at which the liquid developer G that has been
scraped off by the regulation blade 108 lands on the liquid
surface of the liquid developer G.

The developing device 100 further includes a developer
supply portion 120 and an overflow portion 131. The devel-
oper supply portion 120, which 1s an example of an ink supply
unit, supplies the liquid developer G into the reservoir 102.
The overtlow portion 131, which 1s included 1n the reservoir
102, includes a second curved wall 102B that allows the
liguid developer G to overtlow. The overtlow portion 131
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includes areceiving portion 130 thatrecerves the liquid devel-
oper G that has flowed over the second curved wall 102B.

The liquid developer G includes a carrier liquid and a toner
(toner particles) dispersed 1n the carrier liquid. An insulating
liquid such as a vegetable o1l, a liquid paraifin, or a silicone o1l
1s used as a carrier liquid. For example, the liquid developer G
includes toner particles having an average particle diameter in
the range o1 0.5 to 5 um, and the toner particles are dispersed
in the carrier liquid with a concentration in the range of 15 to
35 wt %. The liquid developer G may further include a charge
control agent or a dispersing agent. The higher the tempera-
ture of the liquid developer G (carrier liquid), the lower the
viscosity of the liquid developer G, and vice versa.

The reservoir 102 1s a container that extends 1n a longitu-
dinal direction that 1s the same as the direction of the rotation
axis (hereinafter, referred to as the axial direction) of the
supply roller 106 and has a cross section intersecting the
longitudinal direction having an arc shape that 1s open
upward. When the reservoir 102 1s seen 1n the longitudinal
direction, a first curved wall 102 A and the second curved wall
102B are located along the same arc and are integrated with
cach other.

The first curved wall 102 A, which has an arc-shaped cross
section, 1s disposed at a position below the rotation center O
of the supply roller 106 (on the lower right side 1n FIG. 2) so
as to face the outer peripheral surface of the supply roller 106.
The first curved wall 102A 1s disposed such that the distance
between the first curved wall 102A and the outer peripheral
surface of the supply roller 106 1s substantially uniform along
the circumierential direction of the supply roller 106.

The second curved wall 102B, which has an arc-shaped
cross section (extending toward the recerving portion 130), 1s
disposed at a position below the rotation center O of the
supply roller 106 (on the lower lett side in FI1G. 2) so as to face
the outer peripheral surface of the supply roller 106. When the
reservolr 102 1s seen 1n the longitudinal direction, the upper
end of the first curved wall 102 A 1s higher than the upper end
of the second curved wall 102B. The liqud developer G 1s
stored 1n the reservoir 102.

Moreover, for example, a liqud surface detection sensor
(not shown) that measures the amount of the liquid developer
G remaining in the reservoir 102 1s disposed 1n the reservoir
102. When the amount of the liquid developer G 1n the reser-
volr 102 decreases and becomes insuilicient, the developer
supply portion 120 supplies new liquid developer G to the
reservolr 102. The amount of the liquid developer G 1n the
reservolr 102 1s determined to be insuilicient if, for example,
the liquad surface of the liquid developer G 1s below the lower
end of the blocking member 110 described below. Alterna-
tively, the liquid developer G may be constantly supplied to
the reservoir 102 without using such a sensor for measuring,
the amount of remaining liquid developer G.

The development roller 104 includes a cylindrical core
roller 104 A and a semi-conductive elastic layer 104B formed
on the core roller 104 A. For example, the core roller 104 A 1s
made from a metal, and the semi-conductive elastic layer
104B has a volume resistivity in the range of 1x10° to 1x10"°
(2-cm. A bias voltage 1s applied to the core roller 104 A, which
1s made from a metal.

The supply roller 106 1s 1n contact with the elastic layer
104B of the development roller 104 in a layer forming region
M, and a developer layer GT of the liquid developer G 1s
formed on the development roller 104 1n the layer forming
region M. Moreover, the photoconductor 12 1s 1n contact with
the elastic layer 104B of the development roller 104 1n a
developing nip region N, and the liqud developer G of the
developer layer GT 1s transterred to the photoconductor 12 1n
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the developing nip region N. Liquid developer (not shown)
that was not transterred to the photoconductor 12 remains on
a s1de of the development roller 104 downstream of the devel-
oping nip region N 1n the rotation direction of the develop-
ment roller 104. At the layer forming region M, the supply
roller 106 and the development roller 104 move (rotate) in the
same direction. At the developing nip region N, the develop-
ment roller 104 and the photoconductor 12 move (rotate) in
the same direction.

A charger 105 1s disposed at the periphery of the develop-
ment roller 104 at a position between the layer forming region
M and the developing nip region N (so as to face the outer
peripheral surface of the development roller 104). The
charger 1035 charges a part of the surface of the developer
layer G'T between the layer forming region M and the devel-
oping nip region N. In other words, the charger 105 charges
the developer layer GT at a position upstream of the photo-
conductor 12 1n the rotation direction of the development
roller 104. The charger 105 charges the developer layer GT
with a polarity the same as that of the toner of the liquid
developer G that forms the developer layer GT. The charger
105 1s, for example, a corotron charger, which charges the
developer layer GT by performing corona discharge.

The supply roller 106 1s rotatable about an axis that extends
in a direction the same as the axial direction of the develop-
ment roller 104. A lower portion of the supply roller 106 1s
immersed 1n the liquid developer G 1n the reservoir 102, and
the supply roller 106 1s in contact with the development roller
104 at a part thereot that 1s not immersed in the liquid devel-
oper . The supply roller 106 rotates while a portion (a lower
portion) 1s immersed in the liquid developer G 1n the reservoir
102, and thereby the supply roller 106 carries the liquid
developer G on the outer peripheral surface thereof and sup-
plies the liquid developer G to the outer peripheral surface of
the development roller 104.

Grooves 1n a diagonal pattern, for example, are formed 1n
the outer peripheral surface of the supply roller 106. Besides
the diagonal pattern, the pattern of the grooves 1n the surface
of the supply roller 106 may be a pyramidal pattern, a grid
pattern, a honeycomb pattern, or the like.

The regulation blade 108 1s, for example, a plate-shaped
member extending 1n a longitudinal direction that 1s the same
as the axial direction of the supply roller 106. The regulation
blade 108 1s disposed so as to face the outer peripheral surface
of the supply roller 106, and an end portion of the regulation
blade 108 1n the transversal direction 1s 1n contact with the
outer peripheral surface of the supply roller 106 (on the upper
lett side with respect to the rotation center O 1n FIG. 2). Thus,
the regulation blade 108 regulates the amount of the liquid
developer G on the outer peripheral surface of the supply
roller 106 at a position outside of the reservoir 102. As long as
the regulation blade 108 1s capable of regulating the amount
of the liquid developer G that 1s carried by the supply roller
106, the regulation blade 108 may be disposed such that the
end portion 1n the transversal direction faces the outer periph-
eral surface of the supply roller 106 with a gap therebetween.

As 1illustrated 1n FIG. 3, the blocking member 110 1s, for
example, a member that extends 1n the longitudinal direction,
which 1s the same as the axial direction of the supply roller
106, and that has an arc-shaped cross section taken along a
plane intersecting the longitudinal direction. Both end por-
tions of the blocking member 110 1n the longitudinal direc-
tion are located outside of both end portions of the supply
roller 106 1n the axial direction. In the cross-sectional view
taken along a plane intersecting the longitudinal direction, the
liquid developer G that has been scraped off by the regulation
blade 108 lands onto the liquid surface of the liquid developer
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G 1n the reservoir 102 at a position D (hereinatter referred to
as the landing position D). A part of the blocking member 110
1s immersed 1n the liqud developer G such that the blocking
member 110 extends from below to above the liquid surface
of the liquid developer G at a position E that 1s between the
position D and the supply roller 106. The blocking member
110 extends along the circumierential direction of the supply
roller 106 such that the distance between the blocking mem-
ber 110 and the outer peripheral surface of the supply roller
106 1s substantially uniform.

The landing position D on the liquid surface of the liquid
developer G 1n the reservoir 102 1s determined, for example,
as follows. An experiment 1s performed to obtain the positions
at which the liquid developer G lands on the liquid surface of
the liquid developer G when the liquid developer G falls (as
illustrated by a broken line) from the distal end of the regu-
lation blade 108 (an end adjacent to the supply roller 106)
when the supply roller 106 rotates at a predetermined speed.
The landing position D 1s determined as one of the obtained
positions that 1s closest to the outer peripheral surface of the
supply roller 106.

As 1llustrated 1n FIG. 2, the developer supply portion 120
includes a storage tank 122, a supply path 124, and a pump
126. The storage tank 122 stores the liquid developer G
therein. The supply path 124 connects the storage tank 122 to
the reservoir 102. The pump 126 1s disposed 1n the supply
path 124 and supplies the liquid developer G from the storage
tank 122 through the supply path 124 to the reservoir 102. A
degassing unit 128 and a toner concentration sensor 132 are
disposed 1n the supply path 124 between the storage tank 122
and the pump 126. The degassing unit 128 removes bubbles
from the liquid developer G. The toner concentration sensor
132 measures the concentration of toner (particles) in the
liquid developer G.

For example, toner (particles) and a carrier liquid are sup-
plied to the storage tank 122 from different supply units. The
toner and the carrier liquid are agitated 1n the storage tank 122
to form the liquid developer G 1n the storage tank 122, and the
liquid developer G 1s stored 1n the storage tank 122.

The supply path 124 includes, for example, a pipe. One end
of the supply path 124 1s connected to the storage tank 122
and the other end of the supply path 124 i1s connected to the
deepest portion of the reservoir 102.

The pump 126, for example, 1s operated on the basis of
information sent from the aforementioned liquid surface
detection sensor (not shown) for measuring the height of the
liquid surface of the liquid developer G stored 1n the reservoir
102. That 1s, the pump 126 starts operating when information
indicating shortage of the liquid developer G 1n the reservoir
102 1s input from the liquid surface detection sensor, and the
pump 126 stops operating when such information 1s not input
from the liquid surface detection sensor.

The degassing unit 128, for example, has two chambers,
and while the liqud developer G flows through one of the
chambers, bubbles are removed from the liquid developer G
by depressurizing the other chamber. The degassing unit 128
1s disposed upstream (on a side nearer to the storage tank 122)
of the toner concentration sensor 132 1n the tlow direction of
the liguad developer G.

The toner concentration sensor 132 includes, for example,
a light-emitting element and a light-receiving element (not
shown) and measures the concentration of toner on the basis
of the amount of light that has been emitted by the light-
emitting element and passed through the liquid developer G
and thatis received by the light-recerving element. That1s, the
higher the proportion of light that 1s blocked, the higher the
toner concentration. If the toner concentration measured by
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the toner concentration sensor 132 1s higher than a reference
concentration, the carrier liquid 1s supplied to the storage tank
122. If the toner concentration measured by the toner concen-
tration sensor 132 1s lower than the reference concentration,
the toner (partially including the carrier liquid) 1s supphed to
the liquid developer G. Thus, the toner concentration in the
liquid developer G 1s adjusted.

As 1llustrated 1n FIG. 3, the second curved wall 102B 1s
located opposite the supply roller 106 with the landing posi-
tion D of the liquid developer G falling from the regulation
blade 108 therebetween. The receiving portion 130 1s dis-
posed outside of the second curved wall 102B. The receiving
portion 130 extends 1n a longitudinal direction that 1s the same
as the axial direction of the supply roller 106. The receiving
portion 130 includes a bottom wall 130A, a side wall 130B,
and a side wall 130C. In a cross-sectional view taken along a
plane intersecting the longitudinal direction, the bottom wall
130 A has a plate-like shape, the side wall 130B stands upright
at one end of the bottom wall 130A (on a side near the second
curved wall 102B), and the side wall 130C stands at the other
end of the bottom wall 130A (on a side opposite to the side on
which the second curved wall 102B 1s located).

The position of the bottom wall 130A 1n the vertical direc-
tion 1s higher than that of a position at which the supply path
124 1s connected to the reservoir 102 and lower than that of
the upper end of the second curved wall 102B. The upper end
of the side wall 130B 1s attached to the lower surface of the
second curved wall 102B. The side wall 130C extends verti-
cally upward to a position that 1s higher than the upper end of
the second curved wall 102B.

As 1llustrated i FIG. 2, the developing device 100 further
includes a recovery path 134 and a pump 136. The recovery
path 134 connects the storage tank 122 to the recerving por-
tion 130 (bottom wall 130A). The pump 136 1s disposed 1n the
recovery path 134 and recovers the liquid developer G from
the recerving portion 130 to the storage tank 122. Alterna-
tively, instead of using the pump 136, the developing device
100 may be configured such that the liquid developer G tlows
to the storage tank 122 on 1ts own weight.

The recovery path 134 includes, for example, a pipe having,
one end connected to the storage tank 122 and the other end
connected to the bottom wall 130A of the receiving portion
130. The pump 136 1s operated, for example, at set times.
Operation

Next, the operation of the first exemplary embodiment will
be described.

As 1llustrated in FIG. 2, a controller (not shown) of the
image forming apparatus 10 activates the pump 126, and the
liquid developer G 1s supplied from the storage tank 122 to the
reservolr 102. After the degassing unit 128 has degassed the
liquid developer G, the toner concentration sensor 132 mea-
sures the toner concentration of the liquid developer G, and
the liquid developer G 1s supplied into the reservoir 102. As a
result, the height of the liquid surface of the liquid developer
G 1n the reservoir 102 reaches the height of the upper end of
the second curved wall 102B.

Subsequently, as 1llustrated 1n FI1G. 4, the supply roller 106
starts rotating when an 1mage forming operation starts, and
the liquid developer G 1s carried on the outer peripheral sur-
face of the supply roller 106. A part of the liquid developer G
carried onthe outer peripheral surface of the supply roller 106
passes the regulation blade 108 and 1s supplied to the devel-
opment roller 104, and the remaining part of the liquid devel-
oper G 1s scraped oif the outer peripheral surface by the
regulation blade 108 toward the reservoir 102.

Subsequently, as illustrated 1n FIG. 5, as the liquid devel-
oper G 1s scraped oif by the regulation blade 108 and lands on
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the liquid developer G at the landing position D, bubbles B
and ripples W (waves) of the liquid surface are generated at
the landing position D 1n the reservoir 102.

Here, a developing device that does not include the block-
ing member 110 1s examined as a comparative example. In
this case, the liquid developer G 1s lifted as the supply roller
106 rotates, and thereby the liquid developer G 1s drawn
toward the supply roller 106. Accordingly, the liquid devel-
oper G tlows from the landing position D toward the outer
peripheral surface of the supply roller 106. As a result, the
bubbles B, which have been generated at the landing position
D, are transported together with the liquid developer G on the
outer peripheral surface of the supply roller 106. Due to the
presence of the ripples W of the liquid surface, which have
been generated at the landing position D, the layer of the
liquid developer G on the outer peripheral surface of the
supply roller 106 may become nonuniform.

In contrast, with the developing device 100 according to
the present exemplary embodiment, the blocking member
110 blocks the movement of the bubbles B and the ripples W
of the liquid surface, which have been generated at the land-
ing position D, before the bubbles B and the ripples W reach
the supply roller 106. Thus, the amount of bubbles B included
in the developer G on the outer peripheral surface of the
supply roller 106 1s reduced and the ripples W of the liquid
surface are suppressed. As a result, generation of nonunifor-
mity 1n the layer of the liquid developer G on the outer
peripheral surface of the supply roller 106 1s suppressed, and
therefore nonuniformity in a developer 1mage formed on the
outer peripheral surface of the photoconductor (see F1G. 1) 1s
reduced.

With the developing device 100, the liqud surface of the
liquid developer G rnises when new liquid developer G 1s
supplied by the developer supply portion 120 (see FIG. 2).
Then, a surface portion of the liquid developer G at the land-
ing position D and in the vicinity of landing position D flows
over the upper end of the second curved wall 102B to the
receiving portion 130. Because the bubbles B generated at the
landing position D are present in the surface portion, the
bubbles B are removed together with the liquid developer G
that overflows to the receiving portion 130. Thus, the amount
of bubbles 1n the surface portion of the liquid developer G
adjacent to a side of the supply roller 106 at which the supply
roller 106 moves from below to above the liquid surface 1s
reduced.

With the developing device 100, new liquid developer G 1s
supplied from the deepest portion of the reservoir 102, so that
the new developer 1s not directly supplied to a position near
the liquad surface of the liquid developer G. Thus, the amount
of new liquid developer G (including only a small amount of
bubbles, i any) that overflows to the receiving portion 130
betore being supplied to the supply roller 106 1s reduced.

Subsequently, as illustrated 1n FIG. 2, the liquid developer
G that has overtlowed to the receiving portion 130 1s recov-
ered to the storage tank 122 as the pump 136 operates.
Second Exemplary Embodiment

Next, examples of a developing device, which 1s an
example of an 1nk supply device, and an example of an 1mage
forming apparatus according to a second exemplary embodi-
ment of the present invention will be described. Members and
portions the same as those of the first exemplary embodiment
will be denoted by the same numerals and description thereof
will be omaitted.

FIG. 6 illustrates a developing device 140, which 1s an
example of an 1k supply device, according to the second the
exemplary embodiment. The developing device 140 includes
a reservoir 142 and an auxiliary roller 144 instead of the
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reservoir 102 of the developing device 100 (see FIG. 2)
according to the first exemplary embodiment. In other
respects, the structure of the developing device 140 1s the
same as that of the developing device 100. The developing
device 140 includes the developer supply portion 120 (see
FIG. 2) and an overtlow portion 150. The overflow portion
150, which 1s included 1n the reservoir 142, includes a second
curved wall 142C (described below) that allows the liquid
developer G to overtlow. The overtlow portion 150 further

includes the recerving portion 130, which recerves the liquid
developer G that has flowed over the second curved wall

142C.

The reservoir 142 1s, for example, a container extending 1n
a longitudinal direction that 1s the same as the axial direction
of the supply roller 106 and having a cross section taken along
a plane intersecting the longitudinal direction that 1s open
upward. To be specific, the reservoir 142 includes a lower wall
142 A, a first curved wall 142B, and the second curved wall

142C. When the reservoir 142 1s seen in the longitudinal
direction, the lower wall 142 A has a U-shaped cross section,
the first curved wall 142B extends from one of the upper ends
(the right upper end in FIG. 6) of the lower wall 142A 1n a
diagonally upward direction, and the second curved wall
142C extends from the other upper end (the left upper end 1n
FIG. 6) of the lower wall 142 A 1n a diagonally upward direc-
tion.

The lower wall 142A 1s disposed between the rotation
center O of the supply roller 106 and has a shape that 1s open
toward the outer peripheral surface of the supply roller 106,
and one end of the supply path 124 1s connected to a bottom
portion of the lower wall 142A.

The first curved wall 142B 1s a wall having an arc-shaped
cross section extending diagonally rightward and upward 1n
FIG. 6 from one of the upper ends of the lower wall 142A. The
first curved wall 142B 1s disposed such that the distance
between the first curved wall 142B and the outer peripheral
surface of the supply roller 106 1s substantially uniform along
the circumierential direction of the supply roller 106.

The second curved wall 142C 1s a wall having an arc-
shaped cross section extending diagonally leftward and
upward (toward the receiving portion 130) in FIG. 6 from the
other upper end of the lower wall 142A. The second curved
wall 142C 1s disposed such that the distance between the
second curved wall 142C and the outer peripheral surface of
the supply roller 106 1s substantially umiform along the cir-
cumierential direction of the supply roller 106. When the
reservolr 142 1s seen 1n the longitudinal direction, the upper
end of the first curved wall 142B 1s higher than that of the
second curved wall 142C. The liquid developer G 1s stored 1n
the reservoir 142.

Moreover, for example, the atorementioned liquid surface
detection sensor (not shown), which measures the amount of
the remaining liquid developer G, 1s disposed 1n the reservoir
142. When the amount of the liquid developer G 1n the reser-
volr 142 decreases and become insufficient, the developer
supply portion 120 (see FIG. 2) supplies new liquid developer
G to the reservoir 142.

In addition, the recerving portion 130 1s disposed outside of
the second curved wall 142C of the reservoir 142. The upper
end (the right upper end i FIG. 6) of the receving portion
130 1s attached to the lower surface of the second curved wall
142C. The blocking member 110 1s disposed so as to extend
from below to above the liquid surface of the liquid developer
(G at a position between the landing position D of the liquid
developer G and the supply roller 106. The blocking member
110 faces the outer peripheral surface ofthe supply roller 106.
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The leading end of the regulation blade 108 1s 1n contact with
the outer peripheral surface of the supply roller 106.

The auxiliary roller 144 1s a cylindrical member that 1s
rotatable by a driving unit (not shown) about an axis extend-
ing 1n a direction the same as the axial direction of the supply
roller 106. The auxiliary roller 144 1s disposed below the
supply roller 106 so as to be surrounded by the lower wall
142A. At aposition at which the auxiliary roller 144 faces the
outer peripheral surface of the supply roller 106, the auxiliary
roller 144 1s separated from the outer peripheral surface of the
supply roller 106 by a certain distance, and the auxiliary roller
144 moves (rotates) in the same direction as the supply roller
106 at the position. Moreover, there 1s a gap between the
auxiliary roller 144 and the lower wall 142A.

Operation

Next, the operation of the second the exemplary embodi-
ment will be described.

As 1llustrated 1 FIG. 6, a controller (not shown) of the
developing device 140 activates the pump 126 (see FIG. 2),
and the liquid developer G 1s supplied from the storage tank
122 (see FIG. 2) to the reservoir 142. Thus, the height of the
liquid surface of the liqud developer G 1n the reservoir 142
reaches the height of the upper end of the second curved wall
142C.

Subsequently, as illustrated 1n FIG. 7, the supply roller 106
and the auxiliary roller 144 start rotating when an 1mage
forming operation starts. At this time, the liquid developer G
that has flowed 1nto a narrow flow path between the supply
roller 106 and the auxiliary roller 144 1s pressed in the narrow
flow path, and thereby bubbles B are removed. Thus, bubbles
B in the liqud developer G that passes through the space
between the supply roller 106 and the auxiliary roller 144 and
that 1s carried on the outer peripheral surface of the supply
roller 106 are reduced. A part of the liquid developer G carried
on the outer peripheral surface of the supply roller 106 passes
the regulation blade 108 and 1s supplied to the development
roller 104 (see FIG. 2), and the regulation blade 108 scrapes
off the remaiming part of the liquid developer G toward the
reservolr 142.

Subsequently, as the liquid developer G that has been
scraped off by the regulation blade 108 lands onto the liquad
developer G 1n the reservoir 142, bubbles B and ripples
(waves) of the liguid surface are generated at the landing
position D. In FIG. 7, the ripples on the liquid surface are not
1llustrated.

With the developing device 140, the blocking member 110
blocks the movement of the bubbles B and the ripples on the
liguid surface, which have been generated at the landing
position D, before the bubbles B and the ripples reach the
supply roller 106. Thus, the amount of bubbles B included 1n
the developer G on the outer peripheral surface of the supply
roller 106 1s reduced and the ripples on the liquid surface are
suppressed. As a result, generation of nonuniformity in the
layer of the liquid developer G on the outer peripheral surface
of the supply roller 106 1s suppressed, and thereby nonuni-
formity 1n a developer image formed on the outer peripheral
surface of the photoconductor 12 (see FIG. 1) 1s reduced.

With the developing device 140, the liquad surface of the
liquid developer G rises when new liquid developer G 1s
supplied by the developer supply portion 120 (see FIG. 2).
Then, a surface portion of the liquid developer G at the land-
ing position D and in the vicinity of landing position D flows
over the upper end of the second curved wall 142C to the
receiving portion 130. Because the bubbles B generated at the
landing position D are present in the surface portion, the
bubbles B are removed together with the liquid developer G
that overtlows to the recerving portion 130. Thus, the amount
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of bubbles 1n the surface portion of the liquid developer G
adjacent to a position at which the supply roller 106 emerges
from the liquid surface 1s reduced.

With the developing device 140, new liquad developer G 1s
supplied from the deepest portion of the reservoir 142, which
1s located at a lower position, the new developer 1s not sup-
plied to a position near the liquid surface of the liquid devel-
oper G. Thus, the amount of new liqud developer G that
overtlows to the receiving portion 130 before being supplied
to the supply roller 106 1s reduced.

Moreover, with the developing device 140, as the auxiliary
roller 144 rotates, the liquid developer G that 1s located in a
downstream part of the reservoir 142 1n the rotation direction
of the supply roller 106 1s returned to an upstream part in the
reservoir 142. Thus, the difference between the heights of the
liquid surface on the downstream side of the auxiliary roller
144 and on the upstream side of the auxiliary roller 144 1n the
reservolr 142 1s reduced.

Subsequently, as the pump 136 (see FIG. 2)1s operated, the
liquid developer G that has overflowed to the receiving por-
tion 130 1s recovered to the storage tank 122 (see FIG. 2).
The present mmvention 1s not limited to the exemplary
embodiments described above.

The shape of the blocking member 110 1s not limited to a
curved shape. Instead, the blocking member 110 may have a
flat plate-like shape.

The charger 105 in the exemplary embodiments 1s a
corotron charger. Alternatively, the charger 105 may be a
scorotron charger. As a further alternative, other known
chargers, such as a needle electrode or a pin-array charger
(charging unmit) may be used.

The image forming apparatus 10 1s not limited to an appa-
ratus that forms an 1image on a recording sheet P by using a
monochrome liquid developer G. The 1mage forming appa-
ratus 10 may be an apparatus that forms an 1mage on a record-
ing sheet P by using a liquid developers G having different
colors. For example, the image forming apparatus 10 may
include plural developing devices 100 or plural developing
devices 140 that are arranged therein.

Moreover, the toner concentration sensor 132 1s not limited
to an optical sensor. For example, the toner concentration
sensor 132 may measure the toner concentration 1n the liquid
developer G by using decaying of a supersonic wave.

The foregoing description of the exemplary embodiments
of the present invention has been provided for the purposes of
illustration and description. It 1s not intended to be exhaustive
or to limit the invention to the precise forms disclosed. Obvi-
ously, many modifications and variations will be apparent to
practitioners skilled in the art. The embodiments were chosen
and described 1n order to best explain the principles of the
invention and its practical applications, thereby enabling oth-
ers skilled in the art to understand the invention for various
embodiments and with the various modifications as are suited
to the particular use contemplated. It 1s intended that the
scope of the invention be defined by the following claims and
their equivalents.

What 1s claimed 1s:

1. An ik supply device comprising;:

a reservolr that stores 1nk;

an 1k carrying rotary member that carries ink on an outer
peripheral surface thereof;

a supply rotary member that 1s rotatable about a rotation
axi1s that 1s parallel to a rotation axis of the ink carrying
rotary member, the supply rotary member rotating and
supplying the ink to the outer peripheral surface of the
ink carrying rotary member while a part of the supply
rotary member 1s immersed 1n the ink in the reservoir;
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a regulation member that faces an outer peripheral surface
of the supply rotary member, the regulation member
regulating an amount of ik on the outer peripheral
surface of the supply rotary member at a position outside
of the reservoir; and

a blocking member that extends from below to above a
liquid surface of the ik 1n the reservoir during an oper-
ating state where the ink carrying rotary member carries
ink, the blocking member extending above the liquid
surface at a position between a landing position and the
supply rotary member, the landing position being a posi-
tion at which ink that has been scraped off by the regu-
lation member lands on the liquid surface, the blocking
member blocking movement of the ink in the reservoir
from the landing position to the supply rotary member,

wherein the blocking member extends along the rotation
axis of the supply rotary member.

2. The 1k supply device according to claim 1, further

comprising:

an 1k supply unit that supplies ink nto the reservoir, and
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wherein the reservoir includes an overtlow portion that
allows 1k to overtlow from the ink reservoir outside of
a wall of the reservoir, the wall being located opposite
the supply rotary member with the landing position ther-
cbetween.

3. The ik supply device according to claim 2,

wherein the overflow portion includes a receiving portion
that receives the ink that has overtflowed from the 1nk
reservoir, the recerving portion being located outside of
the wall.

4. An 1image forming apparatus comprising;:

an 1image carrier that is rotatable, the image carrier carrying
a latent 1mage on an outer peripheral surface thereof;

the 1k supply device according to claim 1, the ik supply
device supplying ink on the ink carrying rotary member
to the latent 1mage on the 1image carrier to form a toner
image, the ik including a carrier liquid and a toner
dispersed in the carrier liquid; and

a transfer unit that transiers the toner image on the 1mage

carrier to a recording medium.
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